Abstract Background Data from Arab world studies suggest that Arab women may experience a more aggressive breast cancer phenotype. To investigate this finding, we focused on one of the largest settlements of Arabs and Iraqi Christians (Chaldeans) in the US, metropolitan Detroit-a SEER reporting site since 1973. Materials and methods We identified a cohort of primary breast cancer cases diagnosed . Using a validated name algorithm, women were identified as being of Arab/Chaldean descent if they had an Arab last or maiden name. We compared characteristics at diagnosis (age, grade, histology, SEER stage, and marker status) and overall survival between Arab-, European-, and African-Americans. Results The cohort included 1,652 (2%) women of Arab descent, 13,855 (18%) African-American women, and 63,615 (80%) European-American women. There were statistically significant differences between the racial groups for all characteristics at diagnosis. Survival analyses overall and for each SEER stage showed that ArabAmerican women had the best survival, followed by European-American women. African-American women had the poorest overall survival and were 1.37 (95% confidence interval: 1.23-1.52) times more likely to be diagnosed with an aggressive tumor (adjusting for age, grade, marker status, and year of diagnosis). Conclusion Overall, Arab-American women have a distribution of breast cancer histology similar to European-American women. In contrast, the stage, age, and hormone receptor status at diagnosis among Arab-Americans was more similar to African-American women. However, ArabAmerican women have a better overall survival than even European-American women.
While these statistics give some relative comparisons, they are difficult to interpret given the variation in the population age structure between Arab countries and the US, and the lack of detailed comparative studies between the US and Arab populations. In addition, it cannot be assumed that all breast cancer cases are systematically captured in most Arab countries, given the extreme paucity of systematic population screening for early detection in those regions. The well-established tumor registry in Israel gives data for the Jewish and Arab populations separately. Age-adjusted and standardized incidence rates from this registry show that the Israeli Arab population has a lower overall incidence of breast cancer compared to the US (36.7 per 100,000 compared to 97.2 per 100,000) and a later age at onset. Recently the Middle East Cancer Consortium (MECC), in conjunction with the US National Cancer Institute (NCI), published cancer statistics from four Middle East countries: Israel, Cyprus, Jordan, and Egypt (Tanta) [13] . The Tanta registry in Egypt, which is also population based, reports ageadjusted and standardized incidence rates of breast cancer higher than those of the Israeli Arab population for women \60 years as well as a higher overall incidence rate of 50 per 100,000. It is possible that given the diversity of the populations of the Arab world, the breast cancer experience varies among groups. Such variation, if it does exist, could be due to differences in genetic background, environmental exposures, or reproductive behaviors.
Metropolitan Detroit is home to the largest Arabicspeaking population outside of the Middle East. The city of Dearborn, the near west suburb of Detroit, has been a center of Arab culture and immigration since the late 1800s. Immigrant populations include Yemenis, Syrians, Palestinians, Egyptians, and Iraqis, including Chaldeans (Christian Iraqis). Political unrest in other Arab countries has also contributed to the heterogeneity of the Detroit Arab population. According to the 2000 Census, which included the option to report country of origin, the metropolitan Detroit Arab population is 44% Lebanese, 32% Chaldean, 10% Iraqi, 6% Syrian, 3% Palestinian, 2% Egyptian, and 2% Jordanian [14] . This Census data was collected before 9/11/2001, when fear of discrimination among American Arab and Muslim populations increased dramatically; therefore, the reported proportions are thought to be representative, despite the usual expected undercount from self-reported statistics.
Detroit has been part of the NCI's national tumor registry, the Surveillance Epidemiology and End Results (SEER) program, since the registry's inception in 1973. The large Arab-American community in Detroit gave us the opportunity to characterize in a population-based framework, the patterns of breast cancer experienced by Arab women versus other ethnic groups. Our work was highly facilitated by the advent of a validated name algorithm, which allowed the identification of women of Arab descent in the registry so that a comparison could be made to white, non-Hispanic (European) and African-American women [15] . Our a priori hypothesis, based on the papers from the Arab world, was that Arab-American women would have poorer prognostic characteristics at the time of diagnosis than EuropeanAmerican women and worse survival.
Methods
In contrast to the behavior of many other migrating populations, Arabs have maintained their cultural names after immigrating and settling in the US. Using a previously published and validated algorithm to identify Arab ethnicity by name [13] , we identified women with an Arab last or maiden name in the Detroit SEER registry. We used data from the start of the registry in 1973, up to and including 2003. We compared women identified as being Arab to non-Hispanic, non-Arab Caucasian women (henceforth termed European-American) and to African-American women. The small percentage of women with other racial identities were excluded from this analysis.
We compared Arab women to European-and AfricanAmerican women on several prognostic indicators at diagnosis including age, histology, grade, estrogen (ER) and progesterone (PR) marker status, and SEER stage. For each indicator, we first tested for global association with race using a v 2 test. For indicators with a significant v 2 , we calculated the odds ratio (OR) for that factor by race to characterize the variation.
We evaluated overall survival using Kaplan-Meier and Cox Proportional Hazard models for each racial group. Adjusted hazard ratios were calculated for each race adjusting for age, grade, ER/PR marker status, SEER stage, histology and year of diagnosis. We tested for interactions between race as well as age and each of the prognostic characteristics; significant interactions were retained in the model along with their main effects.
Results

Study cohort
There were 80,316 women diagnosed with primary breast cancer in the Detroit SEER registry between 1973 and 2003. We excluded 9 females diagnosed \18 years of age, 1,095 women with a race/ethnicity other than Arab-, European-or African-American, and 91 cases were excluded due to uncommon non-mammary epithelial histology (e.g., melanoma of the breast). The resulting analytic sample (n = 79,121) was 80% European-American, 18% AfricanAmerican, and 2% Arab-American. (Table 1) The overall mean age at diagnosis was 60 years. In situ cases represent 12% of the cohort and 46%, 30%, and 6% had local, regional, or distant disease, respectively, with 6% of an unknown stage.
Characteristics at diagnosis
Age
The mean ages at diagnosis were 61, 57, and 58 years, for European-American, Arab-, and African-American women, respectively (Table 1) . We calculated a log-rank test to compare the distribution of age at diagnosis among the three ethnic groups, which was statistically significant (P \ 0.001). Each pairwise log-rank test was also significant (P \ 0.001).
Stage
The distribution (number and percent) of SEER staging categories is presented in Table 2a . There was a statistically significant overall v 2 for the distributions of stage at diagnosis by race (P \ 0.0001). Histology Table 3a shows the number and proportion of each histological type by race. The overall v 2 was significant at P \ 0.0001. The histological tumor type was not significantly different for Arab-American women compared to European-American women. However, notable OR included invasive (OR = 0.86; 95% CI 0.73-1.02), which is borderline significant, and metaplastic (OR = 2.57; 95% CI 0.61-10.76) (Table 3b ). African-American women differed significantly from European-American women for Afr 58
Arb 57
a Eur, European-American; Afr, African-American; Arb, Arab-American 
Marker status
Estrogen-receptor (ER) and progesterone-receptor (PR) status at diagnosis is an important prognostic factor and robust predictor of response to hormonal therapy. The distribution of ER/PR combined status is given in Table 4a . Overall v 2 for differences in the distribution of ER/PR between the three racial groups was P \0.0001. ArabAmerican women were more likely, though of borderline significance, to have ER-disease compared to EuropeanAmerican women (OR = 1.17; 95% CI 0.97-1.40), and they were significantly more likely to have ER-/PRtumors (OR = 1.29; 95% CI 1.08-1.54) (Table 4b ). African-American women were significantly more likely at diagnosis to have tumors that were ER-(OR = 2.29; 95% CI 2.15-2.46), PR-(OR = 1.84; 95% CI 1.73-1.96), or both ER and PR negative (OR = 2.09; 95% CI 1.97-2.12) when compared to European-American women. Table 4b depicts the proportion of each ER/PR pair status by race and age at diagnosis (dichotomized by age \50 and C50). Of note, the proportion of ER+/PR+ tumors in AfricanAmerican women C50 is lower than the proportion seen in Arab-or European-American women \50.
Grade
The distribution of the grade at diagnosis for European-, African-, and Arab-American women is given in Table 5a . The overall v 2 for a difference in the distribution between groups was P \0.0001. Arab-American women were less likely to have well-differentiated (OR = 0.86; 95% CI 0.71-1.05) and unknown (OR = 0.86; 95% CI 0.78-0.95) tumors at diagnosis than European-American women (Table 5b) 
Small tumors with positive nodes
We hypothesize that a surrogate for biologically aggressive disease is a small tumor (\1 cm) at the primary site with evidence of nodal metastases. Table 6 gives the results of our analysis of small tumors with positive nodes at diagnosis. Both Arab-and African-American women were Overall v 2 P-value \ 0.0001 more likely to be diagnosed with this type of tumor than European-American women; however, the results for Arab-Americans were of borderline significance for both the unadjusted and adjusted analyses. Interestingly, the OR for both Arab-and African-American women increased in magnitude after adjustment.
Survival overall and adjusted
Figures 1a-f are the Kaplan Meier plots for overall survival and for survival by SEER stage at diagnosis. In all graphs, Arab-American women have the best survival followed, usually closely, by European-Americans. African-American women have considerably worse survival. In Table 7 , the unadjusted and adjusted hazard ratios (HR) from the Cox Proportional Hazards models are presented. Hazard ratios include an interaction term for race-by-age and age-by-marker status, and were adjusted for histology, age at diagnosis, marker status, year of diagnosis, grade, and stage. Commensurate to the graphs, Arab-American women have significantly better survival (HR = 0.83; 95% CI 0.74-0.92) in the unadjusted analysis. The magnitude of the estimate is similar in the adjusted analysis but does not reach significance. Notably, African-American women have a significantly higher mortality than European-American women in the unadjusted (HR = 1.21; 95% CI 1.17-1.25) and more profoundly in the adjusted (HR = 1.93; 95% CI 1.46-2.55) analyses.
Discussion
Data from the Arab world vary regarding the reported breast cancer experience of women. A retrospective review of 292 patients seen at King Fahd Hospital from 1985 to 1995 showed that 78% of patients were younger than 50 at diagnosis and 79% were pre-menopausal [3] . Similarly, in Lebanon, 49% of breast cancer cases diagnosed between 1983 and 1995 (n = 2673) were \50 years of age [9] . There is only one oncology clinic in Libya which maintains a tumor registry for all cases receiving consultation. Between 1981 and 1985, breast cancer was the most frequently diagnosed cancer in women, 72% of whom were less than 50 years of age [1] . The data from these studies represent hospital based observations and are thus hard to interpret without additional information. For example, it is possible that only younger women seek treatment for their breast cancer, resulting in a selection bias in the data reported.
In two Egyptian studies, alternative study designs were applied with similar results. Abdel-Rahman et al. [11] used a case-control design to assess epidemiologic features of breast cancer. Results of this study were notable for age at diagnosis and several risk factors. Forty-four percent of cases were diagnosed less than or equal to 50 years of age. Cases were more likely than controls to have a family history of breast cancer, to have a history of radiation exposure, to be working, as well as to have several reproductive factors including higher age at first birth, lower parity, and artificial menopause. Although this study offers some potential explanations for the age distribution of cases, the cases still may have been differentially selected.
Soliman et al. [12] conducted a review of mortality data in Egypt where death certificates are required to receive a burial permit. Records reviewed for the period of January 1, 1992 to December 31, 1996 were compared to US mortality statistics (1991) (1992) (1993) (1994) (1995) . Results from this population-based study showed a higher age-specific mortality for breast cancer among women less than 40.
Recently, the US NIH/NCI partnered with the MECC to publish cancer incidence data from four MECC countries (Cyprus, Egypt, Israel, and Jordan) [13] . Israel, which has a diverse population, reported age-standardized breast cancer incidence rates of 93 per 100,000 for Israeli Jews and 36.7 for Israeli Arabs. Rates per 100,000 reported for Cyprus, Egypt, and Jordan were 57.7, 49.6, and 38.0, respectively. For comparison, the US SEER rate for all US women over a similar time period was 97.2. Rates for Oman and Kuwait were also available in Volume VIII of the International Agency for Research on Cancer's Cancer Incidence in Five Continents [16] . For 1993-1997, the age-standardized breast cancer rate per 100,000 was 12.7 in Oman. The reported age-adjusted breast cancer rate for Kuwaitis between 1994 and 1997 was 32.8 per 100,000. Data quality issues for both countries were noted in the publication.
Using data from the metropolitan Detroit SEER, where an estimated 500,000 Arab-Americans reside, we present the first report of breast cancer characteristics at diagnosis among Arab-American women. Our results suggest that Arab-American women have a different breast cancer experience than both European-and African-Americans. They were diagnosed at a younger age and had more regional disease and poorly differentiated ER-/PR-disease than their European-American counterparts. Although not statistically significant, there was also a trend observed in our data for Arab-American women to be more likely to have small tumors with positive nodes. Importantly, these differences in disease characteristics, which would suggest poorer prognosis, did not translate into a survival disadvantage. This may reflect the diversity of disease experienced in a genetically heterogeneous group of Arabs in the Detroit area, or it may represent biologically aggressive disease that is responsive to widely accessible treatment; therefore this results in equivalent survival to less aggressive disease more characteristic of EuropeanAmericans. With regards to genetic heterogeneity, the term ''Arab'' refers to an individual from any one of 23 different countries that span geographic and cultural expanses from Mauritania to Oman and from Somalia to Syria and Morocco. The rich cultural diversity of the region includes differences in marriage practices, including currently practiced consanguineous marriages, differences in social behaviors, and a wide-range of environmental exposures including oil production and agricultural practices. An interesting hypothesis that we could not investigate in this analysis is whether the length of residence within the US influences the breast cancer experience of Arab-American women. Other immigration studies have shown that recent migrants maintain the breast cancer risk profile of their native country, but subsequent generations assume the risk profile for the adopted country. SEER does not capture country of birth or date of immigration, which is a limitation in our analysis.
The Arab-American experience for any of the characteristics examined was never as poor as that observed among African-American women. Our study is very robust in distinguishing the relative proportions between all combinations of estrogen and progesterone receptor status, an area of active current interest and investigation. Our results clearly reaffirm that African-Americans are much less likely than either European-or Arab-Americans to present with ER+/PR+ disease and much more likely to present with ER-/ER-disease; whereas, the mixed phenotypes of hormonal receptor expression status are relatively similar among all the populations. This is a striking finding, especially considering that preponderance of ER-/PR-disease is true in African-Americans for all ages. Several recent review papers have evaluated the potential contributions to breast cancer differences in African-Americans and Caucasians [17] [18] [19] [20] . Although it is likely that screening and treatment differences contribute to the disparity in outcomes, it is also clear that differences in tumor biology are important. Polite and Olopade [18] note in their review the evidence of significant tumor biology differences in hormone receptor and HER2 status, grade, S-phase fraction, BRCA-1/2 mutations of unknown significance, and P53. Even when controlling for known differences in tumor biology as well as screening, treatment, and socio-demographic factors, the mortality difference between African-Americans and Caucasians cannot be completely explained. It is likely that as yet unidentified biological differences exist.
We found that delineating the racial distribution of the histologies from the SEER registry was a difficult task, particularly since the analysis includes data from 1973 to 2003, a period during which a major revision of the SEER abstracting guidelines (1988) and changes in the clinical interpretation of the pathology took place. Due to the Tunisian reports, we were interested in examining differences in the proportion of IBC among the three ethnicities. However, since there is not an ICD-O designation for IBC, we used information from the extent of disease codes. Our classification of IBC using this approach is most likely somewhat imprecise. However, assuming non-differential misclassification between ethnic groups; however, we would surmise that the relative differences are accurate, despite the imprecision of the absolute frequency. One other study has used SEER data to evaluate racial differences in IBC incidence and our results generally agree with the previous findings. We found that African-American women were significantly more likely to be diagnosed with IBC (OR = 1.53; 95% CI 1.30-1.81) than EuropeanAmerican women. Our results are consistent with those of Hance et al., who also reported a higher frequency of IBC in African-Americans [21] . However, ours is the first report of the proportion of IBC among Arab-Americans, a subject of great interest, given the increased proportion of IBC in North Africa.
Finally, it is worth noting that if denominator data were available for the Arab community, we would have calculated standardized age-adjusted incidence rates. We suspect that the underlying age distribution structure of the Arab community is younger than that of either the European-or African-American communities in Detroit. Because Arab ethnicity has been grouped with ''Caucasian'' in US government population based data collection efforts, we cannot identify the age structure or total population of ArabAmericans in Detroit or elsewhere in the US. Even if we use self-reported country of origin or language spoken at home, the population estimates are most likely an undercount. Our research within this important minority community is significantly hampered by the lack of accurate population estimates and age structure data. The current socio-political climate suggests that further Arab immigration to the US is expected. Detroit alone is anticipating thousands of Iraqi immigrants in the next 12 months from the United Nation's efforts to resettle Iraqi refugees [22, 23] . Recognition of Arabs as a separate minority group and detailed analyses of their breast cancer burden would allow better population statistics for public health research, policy, and social support services.
